Despite impressive survival benefits with immunotherapy in patients with various solid tumors, the full potential of these agents in prostate cancer has yet to be realized. Sipuleucel-T demonstrated a survival benefit in this population, indicating that prostate cancer is an immunoresponsive disease; however, these results have not been matched by other agents. A large trial with ipilimumab in prostate cancer failed to meet its primary objective, and small trials with PD-1/PD-L1 inhibitors did not yield a significant improvement in overall response. However, several late-stage clinical trials are underway with other vaccines in prostate cancer. Reports of clinical benefit with immunotherapies, particularly when used in combination or a select population, have provided the framework to develop sound clinical trials. Understanding immunogenic modulation, antigen spread, biomarkers, and DNA-repair defects will also help mold future strategies. Through rational patient selection and evidence-based combination approaches, patients with prostate cancer may soon derive durable survival benefits with immunotherapies.
interaction unleashes T-cell activation and proliferation. Early ipilimumab clinical trial data in mCRPC captured a glimpse of clinical activity and provided the rationale for additional research in this population. Small and colleagues 3 conducted the first trial to evaluate prostate-specific antigen (PSA) modulation and safety with ipilimumab in mCRPC. In this monotherapy pilot trial, 14 patients received one or two infusions of intravenous ipilimumab at a dose of 3 mg kg −1 . Two patients demonstrated a PSA decline of ≥50% lasting 135 days and 60 days, respectively and an additional eight patients experienced a <50% PSA decline. Although PSA response is not a true surrogate for radiographic response and clinical benefit, these improvements suggest that ipilimumab warranted further evaluation. Another trial in mCRPC evaluated escalating doses of ipilimumab alone or in combination with radiotherapy. 4 Among the 50 patients receiving ipilimumab 10 mg kg −1 in this Phase I/II trial, 8 patients had PSA declines of ≥50%, 1 had a complete response (CR), and 6 were reported to have stable disease. Immune-related adverse events (irAEs) were considered manageable and consisted of diarrhea (54%), colitis (22%), rash (32%), and pruritis (20%). Grade 3/4 irAEs were colitis (16%) and hepatitis (10%). Based on a noteworthy, but manageable toxicity profile (primarily consisting of autoimmune toxicity) and suggested clinical benefit, two large Phase III trials were conducted to evaluate survival with ipilimumab in mCRPC. The first was a randomized, double-blind study that evaluated ipilimumab versus placebo after radiotherapy in mCRPC. 5 In this trial, 799 men with docetaxel-refractory prostate cancer and at least 1 bone metastasis received bone-directed radiotherapy followed by either ipilimumab 10 mg kg −1 or placebo every 3 weeks for up to 4 doses. Patients without progression could
INTRODUCTION
Since 2010, the treatment repertoire for metastatic castration-resistant prostate cancer (mCRPC) has significantly expanded and now offers multiple agents proven to extend overall survival (OS) in this population. In addition to docetaxel, the chemotherapy backbone of mCRPC, cabazitaxel provides an additional conventional approach. Through androgen inhibition, enzalutamide and abiraterone offer an improved toxicity profile. Radium-223 is a radiopharmaceutical that offers a unique option for patients with symptomatic bone metastasis. The approval of sipuleucel-T for asymptomatic or minimally symptomatic mCRPC began the modern era of cancer immunotherapy.
Soon thereafter, durable improvements in OS were experienced with checkpoint inhibitors by patients with a variety of solid tumors resulting in practice-changing treatment approaches. However, response rates and survival benefits of checkpoint inhibitors in prostate cancer have been underwhelming thus far, though hints of clinical benefit suggest that these agents should not be abandoned. Strategic patient selection and tactical combination approaches may be the key to unlocking the potential of immunotherapy in this disease.
CHECKPOINT INHIBITORS

CTLA-4 inhibitors
The first immune checkpoint inhibitor approved by the FDA was ipilimumab in 2011. Ipilimumab is a cytotoxic T-lymphocyte antigen 4 (CTLA-4)-blocking antibody that has demonstrated a noteworthy improvement in OS in advanced melanoma. 1, 2 This fully human IgG monoclonal antibody inhibits the binding of CTLA-4 with B-7 on antigen-presenting cells (APCs). The inhibition of the CTLA-4/B-7 continue maintenance ipilimumab or placebo every 3 months thereafter. The primary objective was OS. Median OS was 11.2 months in the ipilimumab arm compared to 10.0 months in the placebo arm (hazard ratio [HR]: 0.85, 95% CI: 0.72-1.00; P = 0.053). Although this study did not meet its primary objective, a post hoc subgroup analysis revealed an OS disparity in patients exhibiting poor prognostic factors including at least one of the following: presence of visceral metastasis, elevated alkaline phosphatase, or decreased hemoglobin. Patients with good prognostic features experienced an OS benefit (P = 0.0038) whereas patients with poor prognostic features did not experience the same outcomes (P = 0.8756).
The results of this post hoc analysis contribute to the growing evidence that patients with better baseline prognostic factors may derive greater benefit from immunotherapy. [6] [7] [8] A concurrent Phase III trial also evaluated ipilimumab in what may be considered an optimal mCRPC population. In this double-blind, placebo controlled trial, chemotherapy-naive patients with asymptomatic or minimally symptomatic mCRPC without visceral metastasis were randomized (2:1) to receive ipilimumab 10 mg kg −1 (n = 399) or placebo (n = 199). 9 Infusions were administered every 3 weeks for 4 doses followed by every 3 months in patients without progression. The primary objective of this study, OS, was not found to be statistically significant between the two arms. Median OS was 28.7 months in the ipilimumab arm versus 29.7 months in the placebo arm (HR: 1.11; 95.87% CI: 0.88-1.39; P = 0.3667). Modest improvements in secondary and exploratory endpoints were noted. Median progression-free survival (PFS) was 5.6 months in the ipilimumab arm versus 3.8 months in the placebo arm (HR: 0.67; 95.87% CI: 0.55-0.81), and PSA response rate was 23% with ipilimumab compared to 8% with placebo. Toxicity was again noteworthy, but similar to previous trials. The most common treatment-related adverse events were diarrhea, rash, pruritus, fatigue, nausea/vomiting, and decreased appetite. Diarrhea was the only grade 3/4 adverse event reported in >10% of patients. Nine treatment-related deaths occurred in the ipilimumab arm whereas no deaths occurred in the placebo arm: a finding requiring further investigation.
Another anti-CTLA-4 agent in clinical trials, tremelimumab, has been studied in patients with various solid tumors. One study evaluated safety and PSA kinetics following tremelimumab plus short-term androgen deprivation therapy (ADT) in 11 patients with PSA-recurrent prostate cancer. 10 No PSA changes were observed in this small population; however, 3 patients experienced a prolonged PSA doubling time immediately after the 2 doses of tremelimumab which continued for months following treatment. Although PSA responses with CTLA-4 inhibitors are intriguing, further analysis is needed especially in light of the recent disappointing outcomes with ipilimumab monotherapy in prostate cancer and the accompanying toxicity.
PD-1/PD-L1 inhibitors
Data with FDA-approved programmed death-1 (PD-1)/ligand-1 (PD-L1) including nivolumab, pembrolizumab, durvalumab, atezolizumab, and avelumab in prostate cancer has been lackluster thus far when compared to impressive results in other solid tumors. The results of select trials evaluating checkpoint inhibitors in prostate cancer are presented in Table 1 . One of the first trials evaluating nivolumab in solid tumors included 17 patients with prostate cancer; no objective responses were reported. 11 A Phase Ib study evaluated pembrolizumab 10 mg kg −1 every 2 weeks in 23 patients with mCRPC and ≥1% PD-L1 expression by immunohistochemistry. 12 Despite a population selected for PD-L1 expression, only 3 patients had a confirmed partial response (PR) resulting in an overall response rate (ORR) of 13% (95% CI: 3%-34%) with a median duration of response of 59 weeks (range, 28-62 weeks). Although the response rate was modest, the duration of response is encouraging. The PD-L1 inhibitor, avelumab, was evaluated in a cohort of 18 men with mCRPC at a dose of 10 mg kg −1 administered every 2 weeks. 13 No objective responses were noted. However, in the small subgroup of 5 patients that enrolled with a rising PSA while on enzalutamide, 3 patients experienced stable disease for >24 months.
Clinical trials evaluating the use of checkpoint inhibitors in prostate cancer have suggested that using these agents alone would result in less than optimal improvements in OS. However, these trials provide a glimpse of efficacy, indicating that checkpoint inhibitors should not be altogether abandoned in this population. Through combination strategies with vaccines, hormonal agents, or other modalities, further studies should strive to understand the optimal approach to harness the antitumor effect of checkpoint inhibitors.
THERAPEUTIC CANCER VACCINES
Sipuleucel-T demonstrated an improvement in OS in patients with asymptomatic or minimally symptomatic mCRPC 14, 15 and ultimately led to the designation as the first FDA-approved therapeutic cancer vaccine. These practice-changing trials demonstrated that prostate cancer was responsive to immunotherapy and that vaccine therapy was a safe and effective treatment approach. Various clinical trials are underway to evaluate therapeutic cancer vaccines in prostate cancer as outlined in Table 1 . 16 The primary and secondary endpoints of the trial included safety and immune responses. The most common adverse events attributed to DCVAC/PCa were fatigue, back pain, and paresthesias (all grade 1 or 2). As part of the safety evaluation, OS was compared to predicted values with established nomograms. The OS observed with the DCVAC/PCa regimen was 19 months which was significantly longer than the Halabi and MSKCC nomograms predicted OS of 11.8 and 13 months, respectively (HR: 0.26, 95% CI: 0.13-0.51). A Phase III trial is currently underway to further explore the potential of this promising therapy (VIABLE; NCT02111577). VIABLE is a randomized, double-blind, placebo-controlled, parallel-group study to evaluate the safety and efficacy of docetaxel plus DCVAC/PCa versus docetaxel plus placebo in approximately 1200 patients. The primary objective is OS and the estimated study completion date is June 2018.
DCVAC/PCa
17
PROSTVAC
Both sipuleucel-T and DCVAC/PCa present feasibility challenges in clinical practice as they are personalized vaccines requiring ex vivo processing. PROSTVAC is a poxviral-based vaccine encoding PSA as the target antigen in addition to three costimulatory molecules (B7.1, ICAM-1, and LFA-3). The PROSTVAC regimen consists of an off-the-shelf prime-boost approach. The primer vaccine (modified vaccinia vector) is administered subcutaneously for one dose followed by six booster vaccines (modified fowlpox vector). A Phase II randomized, double-blind trial in 125 patients with mCRPC demonstrated a significant improvement in OS with the PROSTVAC prime-boost regimen. 18, 19 Median OS was 25.1 months in the PROSTVAC arm compared to 16.6 months in the control arm, an improvement of 8.5 months (HR: 0.56, 95% CI: 0.37-0.85; P = 0.0061). Another study evaluated the immune impact induced by PROSTVAC administration in 104 patients. 20 T-cell responses prevaccination and 4 weeks postvaccination were compared. Overall, 59 (57%) of 104 patients demonstrated an increase in PSA-specific T-cells and 19 of 28 patients (68%) mounted an immune response to tumor-associated antigens not present in the vaccine; a concept known as antigen spreading. These promising results led to a Phase III trial (PROSPECT; NCT01322490). 21 PROSPECT is a double-blind trial in which 1297 men with asymptomatic or minimally symptomatic mCRPC were randomized to receive PROSTVAC, PROSTVAC plus granulocyte-macrophage colony stimulating factor (GM-CSF), or placebo. In September 2017, a preplanned interim analysis revealed that continuing the trial was futile as the primary outcome of OS could not be reached. 22 Although the results are disappointing, the promise of immunotherapy in prostate cancer may lie in combination strategies. Clinical trials administering PROSTVAC in combination with other immunotherapeutic agents or earlier in the disease course are currently underway (NCT02933255, NCT02506114, NCT02649439, NCT02326805).
GVAX-PCa
Granulocyte-macrophage colony-stimulating factor-transduced allogeneic prostate cancer cells (GVAX-PCa) is a vaccine comprised of cells from the LNCaP and PC3 cell lines and is genetically modified to secrete GM-CSF. A Phase I/II dose-escalation trial evaluated the safety and immunogenicity of GVAX in 80 patients with mCRPC. 23 Overall, the vaccine was well tolerated with the most common adverse event being injection-site erythema. A significant proportion of patients, 89% in the high-dose group (P = 0.002), were able to develop an antibody response to one or both cell lines. Two Phase III studies were subsequently completed to evaluate OS and further establish safety. One trial 24 evaluated GVAX versus standard docetaxel plus prednisone in men with chemotherapy-naive mCRPC. The trial was terminated early based on a futility analysis, indicating that the study was unlikely to meet the primary endpoint of OS. In the 626 patients included in the analysis, the median survival was 20.7 months for the GVAX arm versus 21.7 months for the control arm (HR: 1.03, 95% CI: 0.83-1.28; P = 0.78). Grade ≥3 adverse events were reported in 8.8% in the GVAX arm versus 25 The imbalance was reflected in OS: 12.2 months with the vaccine combination versus 14.1 with chemotherapy alone (P = 0.0076). Further analysis is required.
CV9104
A Phase I/IIa trial evaluated the safety and immunogenicity of CV9103, an mRNA vaccine encoding the antigens PSA, prostate stem cell antigen (PSCA), prostate-specific membrane antigen (PSMA), and six-transmembrane epithelial antigen of the prostate 1 (STEAP1). 26 In this study, 26 of 33 evaluable patients at the recommended Phase II dose (1280 mcg by intradermal injection) developed an immune response. Patients who demonstrated an immunological response to multiple antigens had statistically longer OS compared to nonimmunological responders or patients who responded to only 1 antigen (HR: 0.41, 95% CI: 0.17-0.95, P = 0.017). The second-generation CV9103 formulation, CV9104, encodes prostatic acid phosphatase (PAP) and MUC1 in addition to the 4 antigens in the first-generation formula. 27 Despite the promising immunogenicity data reported in the Phase I/IIa trial, a Phase IIb trial with CV9104 failed to meet its primary endpoint of improving OS in patients with asymptomatic or minimally symptomatic mCRPC. 28 Complete trial results are awaited.
COMBINATION STRATEGIES
As discussed earlier, efficacy with checkpoint inhibition alone for the treatment of mCRPC has been underwhelming thus far. It is therefore imperative to determine the mechanism behind this resistance. Recent analysis suggests that tumor mutational burden predicts a favorable response to PD-1/PD-L1 [29] [30] [31] and CTLA-4 inhibitors. 32 Prostate cancer is known to have a low mutational burden, 33 thus providing further evidence that appears to support this hypothesis. Interestingly, one study concluded that outcomes following dual blockade with a CTLA-4 inhibitor plus a PD-1/PD-L1 inhibitor appeared to be independent of mutational burden. 29 In addition, numerous trials have generated signs of clinical activity, indicating the need for additional research in specific patient subsets through evidence-based sequencing and combination therapy approaches. One strategy has evaluated ipilimumab with nivolumab in advanced prostate cancer patients with mutated androgen receptors. 34 This combination has yielded benefit in melanoma, but with a large proportion of patients experiencing toxicity. 35 As expected, this study was accompanied by toxicity with 1 of 15 patients having a 50% decline in PSA and 3 of 15 patients having durable PFS.
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Vaccines and checkpoint inhibitors
Understanding the effects of immunotherapies on the tumor microenvironment may help provide the framework for combination therapies. It is postulated that tumors with greater PD-L1 expression in the tumor microenvironment have a greater tendency to respond to PD-1/PD-L1 inhibition. 36 Rekoske and colleagues 37 evaluated clinical samples from patients with prostate cancer who previously received a DNA vaccine encoding PAP. The following changes were analyzed: checkpoint receptor expression on antigen-specific CD8 + T-cells, the effect of PD-1 blockade on elicited immune responses, and changes in checkpoint ligand expression on circulating tumor cells (CTCs). The results of this study demonstrated that following vaccination, PD-L1 expression was increased on CTCs and a link was suggested between this PD-L1 upregulation and extended PFS. The investigators also found a trend with the sipuleucel-T vaccine, which similarly targets PAP.
The safety and tolerability of ipilimumab and PROSTVAC was evaluated in a Phase I dose-escalation trial in 30 patients with mCRPC. 38 PROSTVAC-V was administered subcutaneously on day 1 followed by monthly injections with PROSTVAC-F starting on day 15 in combination with ipilimumab monthly starting on day 15 at doses of 1, 3, 5, or 10 mg kg −1 . The most commonly reported adverse events were vaccine injection-site reactions and irAEs such as colitis, rash, elevated aminotransferases, and endocrine. The median OS for all patients was 34.4 months and the 2-year OS was 73%, comparing favorably to previous studies of vaccine alone in this population, including the Phase III results of sipuleucel-T. Notably, this trial provided evidence of antigen spreading whereby an immune response was generated to tumor-associated antigens not present in the vaccine. Antigen spread may allow for a more durable and adaptable immune response potentially leading to improved long-term clinical outcomes. 39 Further evidence of therapeutic vaccines and ipilimumab is provided in a small study of 9 men with mCRPC who received 3 doses of sipuleucel-T followed by ipilimumab 1 mg kg −1 at the following intervals: 1 week; 1 and 4 weeks; or 1, 4, and 7 weeks. 40 Serum immunoglobulins directed at GM-CSF/PAP fusion protein (PA2024) and PAP were measured prior to sipuleucel-T, postsipuleucel-T, every other months for 5 months then every 3 months for 12 additional months. Sipuleucel-T plus ipilimumab was well tolerated. A significant increase from baseline to postsipuleucel-T was reported in IgG and IgG-IgM for PAP (P < 0.001 and P < 0.0001, respectively) and for PA2024 (P = 0.0001 and P < 0.0001, respectively). Furthermore, postsipuleucel-T to postipilimumab IgG and IgG-IgM significantly increased for PAP (P < 0.001 and P = 0.002, respectively) and PA2024 (P < 0.0001 and P = 0.001, respectively). A link between OS with sipuleucel-T and PA2024 and PAP-specific immune responses has previously been established, 41 suggesting potential for the checkpoint vaccine regimen to yield clinical benefit.
Immunotherapy and enzalutamide
Enzalutamide competitively inhibits androgen binding and androgen receptor nuclear translocation and interaction with DNA. This second-generation antiandrogen has demonstrated the ability to extend survival in mCRPC, 42, 43 and preclinical studies have characterized its immunologic properties. Ardiani and colleagues 44 exposed transgenic adenocarcinoma of the mouse prostate (TRAMP) mice to enzalutamide with or without a therapeutic vaccine. This study demonstrated an enhanced thymic production of naive T-cells and improved OS in mice treated with the combination compared to no treatment, vaccine alone, or enzalutamide alone (P ≤ 0.0001, P = 0.0003, and P = 0.0009, respectively). Another study demonstrated that LNCaP cells were more susceptible to T-cell killing by enzalutamide through immunogenic modulation. 45 Furthermore, preliminary analysis from a Phase II trial in biochemically recurrent prostate cancer suggested increased naive T-cells and natural killer cells following administration with short-course enzalutamide alone (n = 12). 46 Results from the enzalutamide plus vaccine arm of this ongoing trial have yet to be reported and may provide a further understanding of this antiandrogen's immunogenic response.
An ongoing Phase II trial, STRIDE (NCT01981122), will also provide a deeper understanding of the T-cell response with enzalutamide and vaccine. In this open-label study, 52 patients with mCRPC will be randomized to receive sipuleucel-T with enzalutamide administered concurrently (enzalutamide started 2 weeks prior to sipuleucel-T) or sequentially (enzalutamide initiated 10 weeks after the first sipuleucel-T infusion). 47 An interim immune analysis indicated that PA2024-specific T-cell responses were elevated at all time points (P < 0.001). 48 Cytokines including interferon (IFN)-γ, interleukin-2, and tumor necrosis factor (TNF)-α were also elevated in both arms. No difference was noted in toxicities between concurrent versus sequential administration.
Bishop and colleagues 49 evaluated the upregulation of clinically relevant immunotherapy targets in enzalutamide resistant tumors, both in patients and preclinical models. PD-L1/2 and PD-1 were assessed on dendritic cells (DCs) and T-cells in patients who were enzalutamide naive or progressing or responding to enzalutamide. When compared to patients who responded or were naive, patients who progressed on enzalutamide had a significantly increased frequency of PD-L1/2-positive DCs (P = 0.0060 and P = 0.0037, respectively). Further evidence to suggest activity of anti-PD-1 agents in patients with enzalutamide-resistant mCRPC is provided by Graff and colleagues. 50 In this ongoing Phase II trial (NCT02312557), patients with evidence of progression while on enzalutamide received pembrolizumab 200 mg intravenously every 3 weeks for 4 doses. Standard dose enzalutamide was continued. Preliminary results indicated that 3 of the first 10 patients experienced a rapid PSA decline to ≤0.2 ng ml −1 , including 2 patients with measurable disease at the time of enrollment who achieved a PR. A more recent update of these data indicated that 4 of 20 patients had a >50% reduction in PSA. 50 In addition, as described earlier, 3 patients with mCRPC and a rising PSA while on enzalutamide experienced extended stable disease following treatment with avelumab. 13 Although the number of patients is small, the results of these trials indicate that further exploration is warranted.
Immunotherapy and abiraterone
Similar to enzalutamide, preclinical evidence suggests that abiraterone is associated with immunogenic modulation. 45 A Phase II open-label study in 69 patients with mCRPC evaluated the effect of sequential or concurrent abiraterone administration with sipuleucel-T on immune responses. 51 Patients were randomized to receive either abiraterone plus prednisone starting day 1 (concurrent) or abiraterone plus prednisone starting 10 weeks after the first sipuleucel-T infusion (sequential). The primary objective was cumulative antigen-presenting cell activation. In both arms, ex vivo APC activation was significantly greater at the second and third infusions compared to baseline (P < 0.05), and peripheral immune responses were consistent with previous sipuleucel trials. This trial also provided evidence to suggest that low-dose prednisone (5 mg twice daily) may not affect the immunogenicity of sipuleucel-T.
Abiraterone plus prednisone was also evaluated in combination with ipilimumab in a Phase I/II trial in treatment-naive mCRPC. 52 The primary objective was safety. In the first cohort, patients received abiraterone 1000 mg orally daily, prednisone 5 mg orally twice daily, and ipilimumab 3 mg kg −1 every 3 weeks for 4 cycles. Two patients experienced Grade 3 transaminases and 1 patient experienced Grade 3 fatigue and colitis leading to a regimen adjustment allowing for a 2-month abiraterone lead-in. However, extensive toxicities were still reported consisting of hypokalemia, dehydration, and elevated transaminases (all Grade 3). The study was stopped early as the regimen resulted in toxicities that surpassed the maximum tolerated dose.
Immunotherapy and PARP inhibition
Olaparib, a poly(adenosine diphosphate [ADP]-ribose) polymerase (PARP) inhibitor, has demonstrated clinical activity in patients with mCRPC and DNA-repair defects. 53 Deletions and/or deleterious mutations in DNA-repair genes, including BRCA1/2, ataxia telangiectasia mutated (ATM), Fanconi's anemia genes, and checkpoint kinase 2 (CHEK2), have been reported to occur in approximately one-third of this patient population. An ongoing single-arm pilot study (NCT02484404) evaluated the effect of durvalumab 1500 mg intravenous every 4 weeks with olaparib 300 mg orally twice daily in treatment-refractory mCRPC. 54 A DNA repair pathway mutation was not required for enrollment. The interim analysis of 10 patients suggested that the combination has an acceptable toxicity profile and reported the following Grade 3/4 adverse events: anemia, thrombocytopenia, lymphopenia, neutropenia, nausea, fatigue, UTI, and lung infection. Of the patients on study >2 months, 5 (71%) of 7 experienced a PSA decline >50%. Although a small population thus far, the results of this trial are intriguing, especially given the unselected population.
PERSPECTIVES ON THE FIELD
With the exception of sipuleucel-T, single-agent immunotherapies in patients with mCRPC have not demonstrated a clear PFS or OS improvement in large clinical trials. Multiple Phase 3 studies, including ipilimumab 5, 9 and PROSTVAC, 50 have been disappointing and provide evidence that prostate cancer is not as immunoresponsive as other genitourinary malignancies such as kidney and bladder cancer. However, since smaller trials have suggested benefit, complete abandonment of these agents may be premature. It is therefore imperative to determine tumor and patient characteristics that may impact response to immunotherapy. Furthermore, combination strategies may overcome tumor evasion of the immune response. Recent studies supplement the growing body of literature to suggest the use of single-agent immunotherapies in mCRPC should wane. Instead, resources should concentrate on strategies to optimize patient selection and maximize immune responses through sound combinations. Given the relatively unremarkable side effect profile of therapeutic vaccines, investigating these agents in the setting of localized prostate cancer may be worthwhile. Biochemical recurrent prostate cancer may prove to be an optimal target population for immunotherapy regimens with favorable toxicity profiles. Although checkpoint inhibitors are relatively well-tolerated when compared to cytotoxic chemotherapy, 55 these agents have been associated with serious immune-related adverse events. 56 PD-1/PD-L1 inhibitors have demonstrated improved tolerability over CTLA-4 inhibitors, 56 but caution must be used particularly in a patient population with extended anticipated survival.
CONCLUSIONS
Although most do not consider prostate cancer an immune responsive tumor, there is an approved immunotherapy (sipuleucel-T) that has demonstrated a survival advantage in Phase 3 testing. However, survival benefits of checkpoint inhibitors in patients with prostate cancer have yet to be maximized. Multiple treatment strategies, such as those involving therapeutic vaccines, are being investigated in combination with these agents to augment their potential. Immunogenic modulation and antigen spread may provide the rationale for combination approaches which will be developed in future trials. In addition, optimal patient selection through biomarker identification or mutational analysis is currently under investigation. When administered alone, many of these agents do not produce remarkable clinical improvements, but in combination, they may yield more meaningful clinical benefits. As more immune-oncology studies are conducted in prostate cancer, knowledge will accumulate allowing for optimal combinations and patients selection and potentially enhance clinical outcomes for men with prostate cancer.
